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ABSTRACT 
Ribosome-inactivating proteins (RIPs) are a group o f proteins capable of 
inhibiting protein synthesis which are isolated from plants, fungi and bacteria. Those 
from plants are RNA N-glycosidase or more specifically, polynucleotide:adenosine 
glycosidase. They strictly cleave the N-glycosidic bond at A4324 in rat 28S rRNA and a 
number o f them are found to act nucleolytically towards R N A and DNA. These activities 
possibly account for their putative role in plant as defensive agents against pathogen 
especially viruses or apototic agents in senescent cells. 
In the present study, a novel protein, momorgrosvin, was isolated from the seeds 
oiMomordica grosvenori which belongs t o the Cucurbitaceae family. The purification 
procedure included acetone precipitation, affinity chromatography on HiTrap Blue 
column, cation exchange chromatography on Resource S column and size exclusion 
chromatography on Superose 12 column. Sixty micrograms o f momorgrosvin containing 
2 6 % of total translation-inhibitory activity were purified from 25g of decorticated seeds. 
Its IC 5 0 o f protein synthesis inhibition in rabbit reticulocyte system was 0.3nM. It 
displayed R N A N-glycosidase activity and gave rise to the diagnostic Endo ' s band at a 
concentration as low as 9nM. Its molecular weight, estimated by SDS-PAGE, was 
27.7kDa and it had a basic isoelectric point o f about 9. The sequence of the first eighteen 
N-terminal amino acid residues o f momorgrosvin was determined to be: 
DVTFSMLGANGATYYQFF. The invariably conserved Ty r l4 and Phe l 7 residues of 
RIPs are also found in this sequence which has the highest homology (11 out of 18 
residues) with that of momorcochin-S purified from the seeds of Momordica 
II 
cochinchinensis. Momorgrosvin was determined to be glycosylated as shown by lectin 
staining using concanavalin A. It acted towards t R N A to produce acid-soluble U V 
absorbing species and towards supercoiled M 1 3 m p l 8 RFI plasmid D N A nucleolytically 
to produce linear DNA. Altogether these findings suggest that momorgrosvin should be 
categorized as a new member of the type I RIP family. 
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1丄 Overview of plant ribosome-inactivating proteins (RIPs) 
Ribosome-inactivating proteins constitute a group o f proteins which are produced 
by many plants, fungi and bacteria and can catalytically inactivate eukaryotic ribosomes 
and thereby inhibit protein synthesis (Fong et al. 1991). Some RIPs can also inactivate 
prokaryotic ribosomes. The toxins ricin and abrin are the first RIPs known, as they are the 
toxic principles o f the seeds oi Ricinus communis (castor beans) and Abrus precatorius 
and were found capable of agglutinating erythrocytes over a hundred years ago (Barbieri 
et al. 1993). 
Plant RIPs are N-glycosidases which specifically cleave a specific adenine residue 
in the mammalian 28S rRNA of the large ribosomal subunit thus inactivating the ribosome. 
A notable exception is hiffin-S，a lOkDa protein showing phosphodiesterase (RNase) 
activity diagnostically similar t o other plant RIPs (Gao et al. 1994). Its mechanism of 
action is similar t o a-sarcin, a fungal RIP derived form Aspergillus giganteus with a 
molecular weight about 17,000. 
Bacteria also produce RIPs. These cytotoxins - Shiga toxin produced by Shigella 
dysenteriae type I，Shiga-like toxin I and II produced by strains of enterohemorrphagic 
Escherichia coli — are also N-glycosidases similar to type II plant RIPs which consist of 
one enzymatic subunit and one binding (Fong et al. 1991). 
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In the rest o f this thesis, focus will be put on plant RIPs. Thus, unless otherwise 
stated, the word 'RIPs ' or other forms of it refer only t o plant RIPs. 
1.2. General properties of RIPs 
1.2.1. Structure, molecular mass and classification 
There are two kinds of subunits of RIPs: an active A chain which acts catalytically 
on ribosome and a carbohydrate-binding B chain which is equivalent to a lectin, capable of 
inducing agglutination of erythrocytes. Molecular masses o f both A and B chains are 
usually around 26-30kDa, as determined by gel filtration and polyacrylamide gel 
electrophoresis in the presence o f sodium dodecyl sulphate(SDS-PAGE). 
As a rule, RIPs are classified according to the number o f subunits they contain. 
Moreover, they are further grouped into sub-types with respect to their toxicity (Citores et 
al, 1993) (Table 1.1). The majority of RIPs possess only one A chain and are therefore 
classified as type I RIPs such as trichosanthin (TCS), saporin and gelonin. They show low 
toxicity towards intact cell but are potent inhibitors o f cell-free protein synthesis. 
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Tab le 1.1 Classification and examples of purified RIPs (Barbieri et al. 1993) 
Type of R I P ~ Family species name Plant Name of RIP 
tissue 
Type I RIP Caryophyllaceae Dianthus barbatus leaves dianthin 29 
(non-toxic) 
— — Dianthus leaves dianthin 30 
caryophyllus dianthin 32 
(carnation) 









Cucurbitaceae Luffa cylindrica seeds luffin a; luffin b 
(sponge gourd) . 
Momordica charantia seeds a-momorcharin 
(bitter gourd) P-momorcharin 
— Trichosanthes roots trichosanthin 
kirilowii a-trichosanthin 
TAP29 
1 seeds trichokirin 
Euphorbiaceae Gelonium multiforum seeds gelonin 
Hura crepitans latex Hura crepitans RIP 
Nytaginaceae Mirabilis jalapa tissue MAP 
culture 
roots MAP 





—roo t s PAP-R 
Poaceae Hordeum vulgare seeds barley RIP 
Zea mays seeds maize RIP 
(to be continued) 
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Tab le 1.1 Classification and examples of purified RIPs (continued) 
Type of R I P ~ Family species name Plant Name of RIP 
tissue 
Type II RIP CaprifoUaceae Sambucus ebulus leaves ebulin 1 
(non-toxic) : : 
Sambucus nigra bark nigrin b 
Type II RIP E u p h o r b i a c e a e ~ Ricinus communis seeds ricin 
(toxic) (castor bean plant) 
Fabaceae Abrus precatorius seeds abrin 
—Viscaceae Viscum album leaves viscumin 
Passifloraceae Adenia digitata roots modeccin 
Type IV RIP Cucurbitaceae Momordica charantia seeds Momordica 
(non-toxic) (bitter gourd) charantia agglutinin 
Euphorbiaceae Ricinus communis seeds RCA 
(castor bean plant) 
Fabaceae Abrus precatorius seeds APA 
Type IV R I P V i s c a c e a e Viscum album leaves VAA 
(toxic) 
Small RIP Cucurbitaceae Luffa cylindrica seeds luffin-S 
(sponge gourd) 
‘ “ Momordica charantia seeds Y-momorcharin 
(bitter gourd) 
Type H RIPs consist of one A chain and one B chain linked by disulphide bond as 
well as some hydrophobic interaction. Members of this class including ricin and abrin are 
highly toxic to intact cells since they can enter the cells through the interaction of the 
lectin B chain and the cell membrane. However, when ricin was split by 2-mercaptoethanol 
and subsequently subjected to chromatography, the highly purified A and B chains were 
shown to be about a thousand-fold less cytotoxic than the intact toxin (Fulton et al. 1986). 
On the other hand, two non-toxic type II RIPs, ebulin 1 (Girbes et al. 1993a) and nigrin b 
(Girbes et al. 1993b) were purified from the same plant Sambucus ebulus L. They elicit 
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relatively low toxicity to cultured cells which are highly sensitive to other type II RIPs and 
to mice (non-toxic up to 2mg of ebulin 1 per kg o f body weight). 
Type IV RIP is a new class of RIP in an extended classification system (Citores et 
al. 1993). I ts members are four-chain agglutinins composed o f two enzymatic A chains 
and two binding B chains. Examples are Ricinus communis agglutinin (RCA) and Viscum 
a l b u m agglutinin (VAA). They inhibit in vitro translation in mammalian system and 
possess N-glycosidase activity. Among this category, only V A A displayed mild toxicity to 
mice after intraperitoneal injection and was ten-fold less toxic than that o f ricin while other 
agglutinins were not toxic to mice at concentrations below 33 咫 per kg of body weight. 
Accordingly, four-chain agglutinins can also be divided into toxic and non-toxic subclasses 
(Table 1.1). 
Non-toxic type H and type IV RIPs may be defective in cell binding, membrane 
translocation, intracellular routing or more susceptible to degradation so that the intact A 
chains cannot reach the cytosol to exert their inhibitory effects as they do in cell-free 
system. It may be due to the degree and type of glycosylation which promotes the 
clearance of the toxins from the blood stream or inside the cells (Fulton et al. 1986). This 
poses an interesting question for further investigations and may shed light on how their 
toxic counterparts are internalized and kill the cells. 
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Recently，two small RIPs were discovered，namely luffin-S (Gao et al. 1994) and 
y-momorcharin (Pu et al. 1996). Luffin-S, where ' S ' means small molecule, was purified 
from the seeds oiLuffa cylindrica, f rom which two type I RIPs lufFa-A and B were found. 
It has a molecular weight o f about 10 kDa and is a novel phosphodiesterase, acting in a 
way similar t o the fungal RIP a-sarcin. Its inhibitory potency in the cell-free translation 
system from rabbit reticulocyte lysate is comparable t o trichosanthin (TCS) and a-sarcin, 




 and 8 . 8 x l 0
4 0
 M respectively. Unlike other RIPs which 
are N-glycosidases, luffin-S directly cleaves the large rRNA and generates directly the 
diagnostic Endo ' s band (RNA fragment) on agarose gel without acid aniline treatment. 
When naked r R N A was used as substrate instead o f intact ribosomes, luffin-S degraded all 
large rRNA while a-sarcin produced discrete fragments by cleaving the rRNA at multiple 
sites, demonstrating that luffin-S has a lower specificity. On the other hand, y-
momorcharin with a molecular weight o f 11500Da, which was purified from the seeds o f 
Momordica charcmtia, is a basic protein with an isoelectric point 9.5 similar to other type 
I RIPs. It possesses RNA N-glycosidase activity although it has a higher IC5o value 
(55nM) in inhibiting protein synthesis in the cell-free system than most o f the other RIPs. 
It contains no neutral sugar while both a - and p-momorcharins prepared from the same 
source are glycoproteins whcih can be stained by periodic acid/SchifF stain and have a 
neutral sugar content o f 1.6% and 1.3% respectively (Yeung et al. 1987a). 
Ricin is encoded by a multi-gene family. From a study o f the nucleotide sequence 
o f genomic DNA, it is revealed that ricin is synthesized as a single polypeptide chain with 
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a signal sequence and a 12 amino acid linker sequence between the two chains. This linker 
apparently makes the A chain inactive. Cleavage o f the linker is required for M enzymatic 
activity. It appears that the two chains have a strong affinity for one another, mediated by 
hydrophobic forces，although a disulphide bond also exists (Robertus et al. 1996). In 
addition, both chains o f ricin are glycosylated which can have a profound effect on 
toxicity. The ricin A chain is glycosylated heterogeneously in a manner that can be 
separately purified (Fulton et al. 1986). The higher molecular weight o f the ricin A2 chain 
has been attributed to the presence o f an extra oligosaccharide side chain: the A l chain has 
a single complex oligosaccharide whereas the A2 chain has a high mannose type 
oligosaccharide in addition to the complex unit (Foxwell et al. 1985). 
1.2.2. Distribution 
To date, all purified RIPs belong to Monocotyledonae and Dicotyledonae of the 
class Angiospermae but none in other classes o f the plant kingdom such as Gymnospermae 
(Table 1.1). Translational inhibitory activities were found in many more species from 
screening results, though they were not sufficient to prove the presence o f RIPs. On the 
other hand, usually one particular part of the plant was tested (such as seeds) while the 
fact is that RIP may be only present in another part o f the same plant e.g. in Hura 
crepitan, RIPs are found in the latex but not in the seeds (Barbieri et al. 1993). Moreover, 
the level o f expression of RIPs in plant tissues may be increased by viral infection (Girbes 
et al. 1996)，stress, senescence (Stirpe et al. 1996) and may vary during tissue 
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development as in sorghum caryopsis development (Seetharaman et al. 1996). Hence, 
RIPs are probably widely distributed in Angiospermae al though a conclusive study has still 
t o be made. 
Different forms o f RIPs may be present in different par ts o f the same plants or 
even in the same anatomic structure. For instance, from the roots , seeds and leaves and 
Saponaria officinalis L. seven major saporins，all type I RIPs , were purified. Even from 
the same tissues, they are very different not only in physicochemical characteristics such as 
glycosylation but also in biological activities such as IC5o in different in vitro translation 
system (Ferreras et al. 1993). The isoforms come f rom not less than three different classes 
o f genes which form a multigene family (Benatti et al. 1991). 
Recently, there was a report that type I and type II R IPs were found coexisting in 
the same tissue o f a higher plant (Ling et al. 1995). F rom the seeds o f camphor tree 
[Cinnamomum camphora), a type I RIP camphorin and three isoforms o f a type II RIP 
cinnamomin were purified. Bo th o f them are glycoproteins and their molecular weights are 
estimated to be 23 kDa and 61 kDa respectively. It is the first report that an intact type II 
RIP exhibits R N A N-glycosidase activity without separating the A and B chains although 
the activity is weaker than its A chain. Interestingly, the p i value o f camphorin is 6.1，quite 
different from those o f identified type I RIPs which are basic proteins. 
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1.2.3. Physicochemical Properties 
The majority o f RIPs are glycoproteins with exceptions such as trichosanthin 
(TCS)，saporin and abrin A chain (Barbieri et al. 1993). The carbohydrate content varies 
in quantity and composition o f sugar residues, including glucose, galactose, fbcose， 
mannose, xylose and N-acetyl-D-glucosamine. Glycosylation does not seem to affect the 
enzymatic activity o f the RIPs since recombinant ricin A chain produced by E. coli and 
other naturally non-glycosylated RIPs are equally potent as other glycosylated ones. 
However , glycosylation may play an important role t o the degree o f toxicity o f the RIPs 
when injected into live animals, because it may affect the half-lives in circulation and 
internalization by body cells. The presence o f mannose residues in both chains o f ricin 
allows its recognition by cell-surface lectins o f non-parenchymal rat liver cells, whereas 
parenchymal cells can recognize the fucose residue present on the A chain. Immunotoxins 
containing ricin or ricin A chain may be partially cleared from the blood stream by liver 
cells instead o f reaching their intended target cell. Studies on the uptake by macrophages 
o f native and deglycosylated ricin showed that the t w o forms o f the toxin follow different 
intracellular routes and that the mannose receptor pathway more efficiently translocates 
the A chain t o ribosomes (Simmons et al. 1986). 
Type I RIPs often have very high isoelectric points, usually larger than 9 and thus 
cannot be determined accurately due to methodological limitations. In the case of maize 
RIP, the 34 kDa zymogenic form has a p i o f 6.5 but the processed active form is highly 
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basic with p i 〉 9 (Walsh et al 1991). On the other hand, type II RIPs are less basic. For 
instance，the p i values of abrin and its A- and B-chain are 6.1，4.6 and 7.2 respectively 
(Barbieri et al. 1993). 
A partial or complete amino acid sequence has been reported for most o f the 
RIPs , deduced from sequencing o f a genomic clone, a c D N A clone or f rom direct 
sequencing o f the purified protein. Similarity in the primary structure o f different RIPs will 
only be about 20%, although the percentage o f homology increases in proteins from 
taxonomically related species -- even within the same family, there may only be 50-60% 
homology. Amino acid sequence homologies are very high in three regions that have been 
proposed t o be involved in enzymatic activity (Habuka et al. 1992). These correspond to 
sequences surrounding a cleft that has been seen in the structure o f ricin A chain. This 
cleft has been proposed as the active site and mutagenesis studies support that view 
(Robertus et al. 1996). Among the 267 amino acids in ricin A chain, 222 (83%) can be 
deleted without loss o f its capacity to recognize a single nucleotide or to catalyze 
hydrolysis. Only 45 amino acids cannot be deleted without loss o f activity. 
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1.2.4. Enzymatic activities 
Ribosome-inactivating proteins (RIPs) can attack and catalytically inactivate 
eukaryotic ribosomes and thereby inhibit protein synthesis. They are characterized by their 
ability to remove an invariant adenine base from a conserved loop in 28S rRNA. Apart 
from this R N A N-glycosidase activity, RIPs were also found t o possess ribonuclease and 
deoxyribonuclease activities. Mos t recently，it has been demonstrated that all RIPs 
extensively depurinate DNA. Thus, it is proposed that they may be classified as 
polynucleotide:adenosine glycosidases (Barbieri et al. 1997). 
1.2.4.1. RNA N-glycosidase activity 
It wa s only in 1987 that Endo and his colleagues determined the mechanism of 
inactivation o f the ribosome by RIPs, using ricin A chain as an example (Endo et al. 1987). 
The action is highly specific in that only a single N-glycosidic bond between adenine and 
ribose at nucleotide A4324 of the rat liver 28S rRNA is hydrolytically cleaved. The 
exposed phosphodiester backbone is susceptible to cleavage by aniline in acidic condition. 
As a result, the RIP-modified rRNA released a diagnostic R N A fragment ( E n d o ' s band) 
o f about 400 base pair in size which can be visualized after agarose gel electrophoretic 
analysis. In contrast, the fungal RIP a-sarc in breaks the phosphodiester bond directly 
between G4325 and A 4326，generating an a - f ragment similar to the Endo，s band 
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without aniline treatment (Fig. 1.1). The specific deadenylation o f ribosome interferes with 
the translocation process o f translation by inhibiting the GTP-dependent binding o f 
elongation factor-2 (EF-2) to ribosomes，the EF-2 dependent GTP hydrolysis and EF-1 
binding. Furthermore, it is also suggested that the altered conformation o f ribosome has 
defect in interacting with m R N A (Fong et al. 1991). The ultimate consequence is 
termination o f protein synthesis. 
A plausible mechanism o f the cleavage o f the N-glycosidic bond has been proposed 
(Monzingo et a l 1992). A nonhydrolyzable analog o f AMP , formycin monophosphate 
(FMP), was diffused into ricin crystals and observed by X-ray analysis. Binding of the 
ribose by G l u l 77 and stabilization o f a cationic form is accompanied by protonation o f the 
adenine ring by Arg l80 . These two residues bind a water molecule which attack the ribose 
at C I ' . This is one side of the proposed active site (residues 172-185 in RTA) and is well 
conserved in the RIP family. On the second side o f the active site containing Gln208, 
Asn209 and Trp211, the two amides interact through hydrogen bonding to keep the 
nucleotide backbone in position. A third side is made up o f two other invariant amino 
acids, Tyr80 and Tyr l23 , which apparently help to capture the adenine ring by stacking 
the nucleotide between the aromatic rings of the tyrosines. 
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Fig.1.1 The mechanism of action of RIPs 
The specificity of RIPs towards their ribosome substrates varies considerably 
although the stem loop structure (a-sarcin loop) o f the ribosome at the site of action is 
well conserved. For example, ricin A chain (RTA) and A chain o f abrin are highly active 
towards mammalian ribosomes, weakly active towards plant ribosomes and totally inactive 
on Escherichia coli ribosomes. In contrast, pokeweed antiviral protein (PAP) is active on 
ribosomes from all of these sources (Chaddock et al. 1994). However, the target adenine 
is removed from deproteinised 23 S rRNA from E. coli by RTA but not from denatured 
rRNA (Endo et al. 1987)，which suggests that ribosomal proteins affect the conformation 
of ribosomes in a way that renders the rRNA either sensitive or refractory to a given RIP. 
Recently, experiments have been done to investigate the action of RTA and PAP on naked 
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2 3 S r R N A containing mutations designed to affect the structure o f the G A G A tetraloop o f 
t h e E . c o / / a - s a r c i n l o o p ( M a r c h a n t e t a L 1995). The result showed that both the tetraloop 
structure and G2661 are required for the action o f R T A but not o f PAP. Parallel actions o f 
PAP were obseived with mutated intact ribosomes. Thus, it is demonstrated that the 
recognit ion elements of R T A and PAP are different. 
In another report (Chaddock et al. 1996)，an initial at tempt has been made to 
d e f i n e structural regions o f R T A and PAP that may determine ribosome specificity. X-ray 
exaimnation o f the hybrid protein structures from peptide and polypeptide swap 
experiments revealed two peptide regions o f P A P (residues 48-55 and 95-101) correlated 
wi th the ability o f the hybrids to deadenylate prokaryotic r ibosomes although the reason is 
not clear. Apparently, protein backbone structure and subsequent side-chain organization, 
and the surface charge organization play an important role in the MP-r ibosome 
recognition. A deeper understanding of this interaction may allow the construction of 
hybrid RIPs wi th desired specificity for applications. 
1.2.4.2. P o l y n u c l e o t i d e : a d e n o s i n e g l y c o s i d a s e activity 
It was questioned whether the RIPs are so specific that they only recognize and 
cleave one and only one adenine f rom the 28S rRNA and about its substrate specificity. 
Recently, it was found that some RIPs, namely saporins, PAP-R and trichokirin release 
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more than one mole of adenine per mole of ribosome (Barbieri et al. 1992) and later， 
saporin-Ll released adenine from various adenine-containing substrates (table 1.2) 
(Barbieri et al. 1994), such as herring sperm D N A and tobacco mosaic virus genomic 
RNA. Such reactions catalyzed by saporin-Ll proceeded without cofactors, at low ionic 




. It did not act on various adenine containing 
non-polynucleotide compounds such as nucleosides, nucleotides, cofactors and plant 
cytokinins. Thus saporin-Ll was classified as a polynucleotide:adenosine glycosidase 
(Barbieri et al. 1996). In a thorough study (Barbieri et al. 1997)，52 purified type I and 
type II RIPs depurinated extensively D N A and some of them released adenine from all-
adenine-containing polynucleotides (Table 1.3). Therefore, it was proposed that RIPs may 
now be classified as polynucleotide: adenosine glycosidases. 
Tab le 1.2 Effect of saporin-Ll on various adenine containing substrate (Barbieri et al. 
1994) 
Subs t ra te Aden ine released (pmol) 
Poly A
 2 0 3 8 
Globin mRNA (rabbit reticulocyte lysate) 1587 
Herring sperm D N A
 7 4 7 
Bryonia dioica poly(A)-RNA 524 . 




Tobacco mosaic virus genomic RNA 371 
Bacteriophage MS2 genomic RNA 336 
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Tab l e 1.3 Depurination of herring sperm DNA, Escherichia coli rRNA and poly(A) by 
RIPs (Barbieri et al. 1997) 
R I P added Aden ine released (pmol) 
Her r ing spe rm DNA rRNA Poly(A) 
Type I barley RIP 1 184 14 0 
Hura crepitans RIP 4271 832 69 
saporin-LI 5578 8331 >15000 
PAP 4527 2379 traces 
trichosanthin 138 9 0 
Type II ricin native 689 6 0 
reduced 185 10 0 
viscumin native 844 12_ 〇 
reduced 853 11 traces 
volkensin native 68 0 0 
reduced 48 traces 0 _ 
1.2.4.3. Ribonuclease (RNase) activity 
Fungal RIPs such as a-sarcin from Aspergillus giganteus and restrictocin and 
mitogillin from Aspergillus restrictus hydrolyze a specific phosphodiester bond in the 28S 
rRNA adjacent to the N-glycosidic bond cleaved by the plant and bacterial RIPs (Fando et 
al. 1985; Schindler et al. 1977)，producing an cx-fragment. For plants, luffin-S is the only 
known RIP that displays such a specific RNase activity, releasing an S-fragment similar in 
size to the a-fragment. However, the exact cleavage site o f luffin-S has not been 
determined yet. 
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Recently, it is demonstrated that a - and P-MMC smear naked rRNA at high 
concentrations and release acid-soluble UV-absorbing products after incubation with 
t R N A (Mock et al. 1996). Furthermore, when using polyhomoribonucleotides as 
substrates, both MMCs preferred to act on polyU but only weakly on the other three 
homopolyribonucleotides. The nucleotide UMP is released from polyU instead of the free 
base uracil as deduced from analysis by anion exchange chromatography. Therefore, both 
MMCs possess RNase activity with the activity of p -MMC 15 fold stronger than that of 
cc-MMC for the action on tRNA and polyU. Similarly, saponin was found acting 
ribonucleolytically on polyU while the action on polyA involved N-glycosidic bond 
cleavage. Hence，such RNase activity with substrate specificity might have a common 
occurrence in RIPs and needs to be proved. 
1.2.4.4. Deoxyribonucleolytic (DNase) activity 
Phosphodiester bond cleavage has also been reported with D N A as substrate. 
MMCs (Go et al. 1992), TCS (Li et al. 1992) and many other RIPs (Ling et al. 1994) 
specifically cleave the supercoiled，double-stranded DNAs to produce relaxed-circular and 
linear forms of DNA, although extended incubation did not cleave the DNAs further. 
Dianthin 30, saporin 6 and gelonin displayed the same feature. Moreover, four specific 
sites of cleavage introduced by dianthin 30 and by saporin 6 and two specific sites of 
cleavage introduced by gelonin have been identified and mapped in pBR322. These sites 
are comprised of the A+T rich regions which are of weak hydrogen bonds, thus generating 
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single-stranded D N A regions (Panayotatos et al. 1981) and possibly facilitating the DNase 
activity (or more specifically the single-strand nuclease activity) o f the RIPs. It is argued 
that the supercoiled D N A may not be cleaved directly. The RIPs may exert their 
polynucleotide:adenosine glycosidase activity only t o remove specific adenines from the 
single-stranded D N A molecules in the A+T rich region. This modifies the torsional stress 
o f the supercoil with subsequent break o f the strand spontaneously. However , RIPs may 
have real DNase activity since single-stranded M 13 phage D N A was completely or 
partially degraded by dianthin 30，saporin 6 and gelonin though not by asparin 1， 
momordin and PAP-S (Roncuzzi et al. 1996). 
1.2.4.5. Inhibition of protein synthesis 
It is widely accepted that RIPs inhibit protein synthesis at the translation level. 
Depurinat ion of, in the case o f the mouse, A4256 in the phylogenetically conserved a -
sarcin/ricin loop o f the 28S rRNA is believed t o be a major reason. Functional analysis 
suggests that depurination o f the loop by barley translational inhibitor (BTI) or ricin locks 
the large ribosomal subunit in a particular state by destroying its dynamic flexibility. This 
prevents ribosomes containing depurinated large ribosomal subunits from further 
progression through the elongation cycle (Holmberg et al. 1996). The modification 
patterns obtained from the two inhibitor-treated ribosomal particles were only partly 
overlapping，indicating that the conformation o f the large ribosomal subunit differed after 
ricin and BTI treatment. The affected regions o f the rRNA were localized to 
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phylogenetically conserved sequences. These regions we re suggested to be directly 
involved in ribosomal function such as subunit-subunit interaction, peptidyltransferase 
activity and binding o f elongation factors and t R N A t o the r ibosome (Lieberman et al. 
1995). 
Cofactors are required for at least some RIPs t o inactivate ribosomes at maximal 
activity. Fo r example, BTI and a-sarc in worked best at low concentration o f M g + which 
was not required by ricin (Holmberg et al. 1996). In the case o f gelonin, depurination o f 
isolated ribosomes occurs at a very low rate unless ATP and macromolecular cofactors 
from a post-ribosomal supernatant are also present. t R N A
T i p
 lacking one o f two 
nucleotide at the 3 'end was purified and identified as an essential cofactor (Brigotti et al. 
1995b) although it is not known how the cofactor interacts and complements gelonin in 
ribosome inactivation. In a more recent report , more cofactor-requiring RIPs were found 
(Brigotti et al. 1995a). They were upregulated by different electrophoretic fractions o f 
t R N A as if different specific t R N A were needed by each cofactor requiring RIP. On the 
other hand, no demand for cofactors was observed wi th luffin, trichosanthin and 
trichokdrin which belong to the Cucurbitaceae family. The variation in cofactor 
requirement o f RIPs may reflect the specific situation facing the metabolic system of 
defense system o f different plant species relating to the native role o f their RIPs. For 
instance，specific tRNAs act as primers for the reverse transcriptase o f retroviruses as in 
the case o f Rous sarcoma virus - the primer t R N A
T r p
 accumulates in virus infected cells. 
Moreover , t R N A participates in the splicing o f p r e -mRNAs， i n targeting o f de novo 
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synthesized proteins to the microsomal membrane, and in endoribonuclease and prosome 
activities. Altogether these facts shed light on R I P ' s application on therapeutics as 
immunotoxin since the level o f expression of a cofactor in the target cells provides a useful 
parameter on choosing which RIP to be used. 
Translation is a complex process in which there are many points in the process 
where protein synthesis can be interfered with and stopped. As RIPs possess 
polynucleotide:adenosine glycosidase, RNase and possibly DNase activities, they may 
accomplish inhibition not just through the specific depurination of ribosomes, but may 
also through other interactions with and actions on mRNA, tKNA and even DNA. The 
actual mechanism is still to be investigated. 
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1.2.5. Biological activities 
The toxic effects of RIPs on living cells and animals are brought about by the 
arrest o f protein synthesis. Due to the presence of lectin B chains which mediates the 
penetration of the A chain into the cell, type II RIPs are generally much more toxic than 
type I RIPs. In addition, the internalized RIP must be routed t o the cytosol in order to 
exert its action. 
1.2.5.1. Internalization of type I RIPs 
Type I RIPs do not have a highly effective cell-binding domain like their type II 
counterparts, thus exhibiting much lower cytotoxicity. They are thought to be taken up by 
cells through binding of their glycosyl residues with the carbohydrate receptors, especially 
mannose receptors. However, saporin-S6 with no sugar moiety is relatively more toxic to 
many cell types than the glycosylated type I RIPs (Battelli et al. 1992). Thus it is 
suggested that the proteins are also internalized through fluid-phase endocytosis which is 
non-selective and less efficient than receptor-mediated mechanism (Barbieri et al. 1993). 
Nonetheless, type I RIPs and ricin A chain were found to bind with purified a 2 -
macroglobulin receptor (a2MR) in a dose-dependent manner (Cavallaro et al. 1995). 
a 2MR, also called low-density-lipoprotein-receptor-related protein, is expressed in many 
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kind o f tissues and cell types, particularly in fibroblasts，monocytes and hepatocytes. It is 
responsible for the uptake and clearance o f macromolecular complexes between a 2 -
macroglobulin and proteinases, and complexes between tissue-type or urokinase-type 
plasminogen activator and plasminogen-activator inhibitors. The cytotoxicity o f saporin 
on a2MR-express ing cells is reduced when the binding sites o f cell surface a 2 M R were 
occupied by other ligands, while it is enhanced when saporin is linked to cell-binding 
Hgands such as antibodies and growth factors, producing a ligand-mediated concentration 
effect at the cell surface which facilitates the interaction o f saporin with a 2 M R (Cavallaro 
et al. 1993). The high expression level of a 2 M R in the syncytiotrophoblast probably 
accounts for the abortifacient potency of type I RIPs (Cavallaro et al. 1995)，and in 
hepatocytes the hepatotoxicity (Ng et al. 1994). 
The cytotoxicity of RIPs depends more on intracellular routing than on the extent 
of their uptake since most of the internalized molecules cannot reach their target (Sandvig 
et al. 1976) but only a single RIP molecule may kill a cell (Eiklid et al. 1980). 
1.2.5.2. Internalization of type II RIPs 
Binding of type II RIPs to cells involves two kinds o f recognition process. The 
first one is due to the galactose-specific lectin activity o f the B chain, which allows binding 
to every cell type through galactose-containing glycoproteins and glycolipids that are 
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present on the cellular membrane. The second one is attributed to the affinity of membrane 
mannose receptors to the carbohydrate groups present on both chains of type II RIPs 
(Barbieri et al. 1993). 
Type II RIPs are internalized through endocytosis in endosomes via both clathrin-
coated and uncoated pits, followed by various intracellular routes. The route may depend 
on the type o f receptor molecule. For example, ricin is mostly endocytosed by rat liver 
endothelial cells through the lectin pathway, though the cytotoxicity appears higher after 
internalization o f ricin via the mannose receptors. This may be due to the more rapid 
recycling to cell surface of ricin bound to galactosyl residues than that of the toxin 
endocytosed via mannose receptors (Magnusson et al. 1991). The toxin-containing 
endosome may be fused with lysosome resulting in the degradation of the toxin, be 
recycled to the cell surface through the biosynthetic-secretory pathway, and mostly be 
transported to the Golgi complex (Sandvig et al. 1984) before the toxin can enter the 
cytosol. The low toxicity of non-toxic type II RIPs may be a result o f an affinity with non-
cytosol-directing receptors, leading to a failure t o reach the cytosolic targets. 
The interchain disulphide bond of type D RIPs must be reduced in order for the A 
chain to inhibit protein synthesis. It is indicated that the reduction mainly occurs in the 
cytosol (Frenoy et al. 1992), and is catalyzed by thiol:protein disulphide oxidoreductase 
(Barbieri et al. 1982). 
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1.2.5.3. Toxicity to mice 
The toxicity o f type I RIPs and toxic type II R IPs t o mice as determined by LD 5 0 
values o f R IP s injected parenterally are in the order o f mg /kg and 卩g/kg，a thousand fold 
difference. The lower toxicity o f type I RIPs is due t o the lack o f a lectin B chain with 
consequent poo r entry into the cytoplasm. Bu t when conjugated t o cell-binding ligands 
they will become highly toxic. Lesions caused in mice by lethal doses o f type I RIPs were 
constantly cell necrosis in liver, kidney and spleen while those caused by the various type 
II RIPs are localized in different organs, possibly due t o the diversity o f their B chains, 
which may affect their distribution among and entry into cells (Barbieri et al. 1993). 
1.2.5.4. Abortifacient activity 
The roo t tubers o f Trichosanthes kirilowii, family Cucurbitaceae, have long been 
used as traditional Chinese medicine to induce mid-term abortion. The active ingredient is 
found t o be the protein trichosanthin which has been used clinically in China as an 
abortifacient drug in pregnant women (Jin 1985). Other abortifacient proteins from the 
same family were also purified such as a - and P-momorcharin. They were later proved to 
be identical t o type I RIPs (Yeung et al. 1988). Other tested RIPs so far also displayed 
similar abortifacient activity in mice. The high level o f expression o f a 2 M R in 
syncytiotrophoblasts o f placental villi (Cavallaro et al. 1995) and probably in 
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chorioncarcinoma cells and trophoblasts facilitates the up take o f the RIPs which finally 
cause t issue necrosis and induce abortion. 
1.2.5.5. Immunosuppressive activity 
Type I RIPs are unique in preventing the setup o f an immune response against a 
given antigen injected after but not at the same t ime wi th the R IP (Leung et al. 1987). In 
considering type I RIPs ' high toxicity to macrophages but l ow toxicity to lymphocytes 
(Spreafico et al. 1983), they must interfere wi th some early events，possibly antigen 
presentation, in the immune response in order t o display the immunosuppressive activity. 
1.2.5.6. Antiviral activity 
It has long been known that extracts f rom certain healthy plants, especially the 
herbaceous species, can inhibit the infectivity o f viruses. In general, most antiviral 
substances from plants are proteinaceous and a small number are polysaccharides. 
Pokeweed antiviral protein (PAP) from the genus Phytolacca americana was discovered 
due t o its antiviral properties before it was found t o inhibit protein synthesis. PAP was the 
first protein identified as a type I RIP. Later many tested RIPs showed antiviral activity 
(Irvin 1995). Thus it is postulated that RIPs play a defensive role in plants. 
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Except inhibiting inactivity of plant viruses such as tobacco mosaic virus, PAP as 
W e l l as other tested type I RIPs were shown to inhibit the replication of animal viruses 
such as poliovirus and herpes simplex virus (Battelli et al. 1995). Moreover, a series of 
proteins, namely MAP30, TAP29, GAP31, DAP30 and DAP32, have been shown to 
inhibit de novo fflV-1 infection and replication of the virus in already infected cells 
(Huang et al. 1991; Huang et al. 1994). They are not toxic t o human cells and to 
experimental animals in the effective dose range, therefore promising to be utilized as anti-
H IV drugs. 
M P s are considered as general inhibitors o f viruses since they inhibit the infection 
0 f both D N A and R N A plant and animal virus. However，it is not yet clear how M P s 
inhibit viral infection. It was observed that the loss o f antiviral activity o f chemically 
modified PAP correlated well with the loss o f its ribosome-inactivating activity (Irvin et al. 
1982) and that virus-infected cells are more permeable to RIPs (Lee et al. 1990). 
Furthermore, in order not to harm the host cells, RIP molecules are either synthesized as 
preforms or preproforms before they are finally processed to become the active 
configuration, or located extracellularly. Considering these facts, it is suggested that virus-
infected cells may facilitate the entry of RIPs into cells or their maturation inside cells so 
that by inhibition of protein synthesis, viral replication is arrested. 
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1.3. Native role of RIPs 
There is still no definite answer why so many different plants produce RIPs, but 
from various observations it is suggestive that their functions in plants may be related to 
defense against pathogens and physiological regulation. 
A defensive role o f RIPs is thought t o be highly likely. Indeed antiviral activity in 
plant extracts led t o the identification o f some RIPs such as P A P and CIP-29 (Irvin et al. 
1982； OUvieri et al, 1996). These proteins exert their activity when applied at the site o f 
viral infection. In the case o f CIP-29 purified form Clerodendrum inerme (Verbenaceae)， 
it is even capable o f inducing a strong systemic resistance against tobacco mosaic virus in 
Nicotiana tabacum. Moreover , tobacco and pota to plants transfected with PAP cDNA 
clone showed resistance to infection by different virus and also aphid transmission (Lodge 
et al. 1993). In sugar beet (Beta vulgaris), viral infection and application o f two mediators 
o f plant acquired resistance, namely hydrogen peroxide and salicyclic acid, caused the 
expression o f two type I RIPs beetin 27 and beetin 29 (Girbes et al. 1996). Similarly, upon 
infection with micro-organisms Trichosanthes kirilowii cell cultures had a higher level o f 
trichosanthin (Wong et al. 1995). Conversely, other RIPs such as PAP which are plentiful 
in intercellular spaces may gain entrance into infected cells o f which the membrane 
permeability is altered. Once inside the cells，the protein molecules may inactivate the 
ribosomes, depurinate endogenous and viral nucleic acids and finally leading to the 
inhibition o f viral proliferation. RIPs may also cooperate with other proteins to fight 
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against fungus: chitinase and glucanase degrade the fungal cell wall, membrane 
permeablizing the fungal cell membrane to facilitate the entrance o f RIPs which kill the 
i nvade r ' s cells (Seetharaman et al. 1996). Although whether RIPs play a defensive role 
has t o be ascertained, the implication for use in agriculture is beyond doubt. 
The proposed physiological role o f RIPs is more intriguing. RIP appeared 
in barley leaves when treated with methyl jasmonate or during senescent (Chaudhry et al. 
！994). RIP activity suddenly appeared in the seeds o f Saponaria officinalis toward the 
end o f their maturation (Ferreras et al. 1993). Furthermore, the translation inhibitory 
activity and the activity on D N A are both increased in the leaves o f both Hura crepitans 
and Phytolacca americcma in senescent leaves and leaves under heat or osmotic stress. 
Thus, it is suggested that RIPs are expressed, in activated form, inactive forms or allowed 
to have access to the cytoplasm when the cell is bound t o death due to senescence, stress, 
infection or even programmed cell death such as the arrest o f metabolism of endosperm 
storage cells at seed maturity (Stirpe et al. 1996). Certainly, more evidence is needed to 
prove the exact role of RBPs. 
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1.4. Possible applications of RIPs 
The unique cytotoxic and antiviral properties o f RIPs are being exploited for use in 
the fields o f medicine, neuroscience research and agriculture. 
1.4.1. Targeting of RIPs in therapeutic use 
In an attempt t o selectively kill a given type o f harmful or undesired cells in vivo, 
drugs or toxic molecules have been linked t o carriers that specifically recognize target 
cells. Immunotoxin (IT), the ' magic bul le t '， is such a product in which the Ugand moiety 
most frequently used is a cell-reactive monoclonal antibody (MAB) and the most 
commonly coupled cytotoxic agents tested in clinical trials include single-chain RIPs and 
RIP-like bacterial toxins, Pseudomonas exotoxin and Diptheria toxin. Since the ligand can 
bind specifically t o target cells, I ts can be applied t o kill t umor cells with high selectivity, 
in contrast t o conventional chemotherapy and radiotherapy, which kill rapidly dividing or 
metabolizing cells, whether these cells are malignant or normal. ITs may also be promising 
in treating steroid-resistant graft-versus host disease and used against HIV-infected cells 
(Ghetie et al. 1994). 
Glycosylation of RIPs may promote binding to hepatic cells and cause a rapid 
clearance o f systemically administered RIP o f immunotoxin. This problem has been 
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alleviated u s i n g chemically deglycosylated RIP of recombinant RIP produced by E. coli 
and therefore not glycosylated. Alternatively naturally non-glycosylated RIPs such as 
saporin were employed to construct immunotoxins which have long half-lives in the 
circulation, approaching the antibodies themselves. This is clinically useful resulting in 
increased efficacy after systemic administration of an immunotoxin (Barbieri et al. 1993). 
There are also several innovative designs o f lT s : recombinant ricin A chain-diptheria toxin 
hybrid was more effective than conjugates prepared with either toxin alone (Li et al. 
1994); bispecific antibodies targeting RIP on one arm and cell surface antigen on the other 
offer another alternative to conventional ITs (French et al. 1995). Other than monoclonal 
antibodies, hormones, growth factors and other cell-binding ligand may also be employed 
to target cells, such as the recombinant basic fibroblast growth factor-saporin fusion 
protein (Lappi et al. 1994). 
To conclude, a targeted toxin must achieve the issues of high specificity and 
potency, low immunogenicity and toxicity, and long half-life in the circulation in order to 
be an ideal clinical drug. 
1.4.2. Targeting RIPs in neuroscience research 
When immunotoxins are used to make selective neural lesions, the technique is 
called immunolesioning, which is based on destroying a specific type of neuron using 
antineuronal antibody to a particular cell surface molecule. On the other hand, 
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neuropept ide-RIP conjugates could be used t o ablate neurons expressing specific 
neuropept ide receptors (Wiley et al. 1994). Immunolesioning is relatively new and few 
conjugates are produced, most o f which are only rat-specific. However , it has great 
potential t o increase our understanding on the complex interaction within the neural 
ne twork， the mechanism o f learning and memory, and the pathology of neural disease 
such as the Alzheimer 's disease. 
1.4.3. Applications in agriculture 
Since RIPs display antiviral and antifungal activity, transferring their genes to crop 
plants by means o f genetic engineering and in vitro culture can bring about broader 
spectrum of resistance to pathogens. For example, tobacco and pota to plants transfected 
with PAP c D N A clone showed resistance t o infection by different viruses and also aphid 
transmission (Lodge et al. 1993). Thus it is possible t o construct crop plants with desired 
resistance and even t o target the expression o f RIP t o specific tissues where the 
transmission o f the pathogen occurs. 
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1.5. Rationale of the present study 
Ribosome-inactivating proteins constitute an interesting group of plant proteins 
which have antiviral and cytotoxic properties. The underlying principle may attribute to 
their polynucleotide:adenosine glycosidase activity and to a lesser extent 
phosphodiesterase activity. Although their occurrences in higher plants are common, 
intriguing differences occur between different RIPs, such as type, size, (macromolecular) 
cofactor requirement, tissue distribution, subcellular localization, degree o f glycosylation 
and substrate specificity and recognition. Amino acid sequence homology is not high, 
especially between RIPs o f different family o f plants while the primary structure around 
the proposed active site is highly conserved. Collecting more information from different 
RIPs can therefore facilitate comparison and study o f the structure-function-specificity 
relationship. Thus it is worthwhile to purify and characterize more RIPs from new sources. 
With respect to the application of RIPs in medicine and agriculture, the potency 
and specificity requirements in each case may vaiy. A subtle difference between RIPs such 
as the requirement o f a specific macromolecular cofactor may be an important factor in 
choosing the suitable protein to use. Thus by discovering，purifying and characterizing 
more new RIPs, the list o f choice can be expanded to satisfy the need of different 
applications. 
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Momordica grosvenori is a Chinese medicinal herb capable of removing phlegm, 
controlling cough and 'moistening lungs'. It is mainly found in Guangxi Province in China 
but is also cultivated in Guangdong. Chinese people use its dried fruits to make soup or 
just put it in hot water to make a drink. It contains esgoside which is 200 times sweeter 
than sucrose (Hsu 1986). M. grosvenori is a member o f the Cucurbitaceae family and is 
closely related to bitter gourd ( M charantia) and mu-bie-zi ( M cochinchinensis), from 
both o f which the type I RIPs, namely momorcharins and momorcochins respectively, 
have been purified. 
The procedure for purifying momorgrosvin is summarized as follows: 
Dried fruits of Momordica grosvenori 
u 
Homogenate of decorticated seeds u 
Acetone powder 
u 
Affinity chromatography on HiTrap Blue column 
adsorbed fraction (P3) 
Cation-exchange chromatography on Resource S column 
adsorbed fraction (P2) 』 
Gel filtration on Superose 12 column 
u 
Purified momorgrosvin 
The rationale o f this procedure is similar to that developed for many other type I RIPs, 
taking advantage of their affinity for the blue dye Cibacron F3G-A and their highly basic 
p i values which favour adsorption by cation exchanger. 
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In this purification scheme，the amount o f protein wa s quantitated by the Lowry 
assay and purity was checked by SDS-PAGE. Activity wa s monitored by translation 
inhibition assay using the rabbit reticulocyte lysate system. Since substances other than 
RIPs such as protease , nuclease and many inhibitors can also inhibit protein synthesis, the 
N-glycosidase assay was also performed to give a definite p roo f for the existence o f an 
REP，which could give rise t o a diagnostic E n d o ' s band. 
2.1.1. Affinity chromatography using HiTrap Blue column 
Cibacron Blue F3G-A is a synthetic polycyclic dye which is immobilized to 6 % 
highly cross-linked spherical agarose and packed into HiTrap Blue columns (Pharmacia, 
Sweden). It shows structural similarity t o naturally occurring molecules like the cofactors 
NAD+ and N A D P
+
, which enable them to bind strongly and specifically a wide range o f 
proteins including kinases, dehydrogenases and most other enzymes requiring adenylyl-
containing substances. The fact that RIPs can specifically remove adenine residue from 
r R N A implies they may bind with blue gel. Actually, in mos t cases RIPs and, in addition, 
immunotoxins containing ricin A chain and abrin A chain bind with the dye and their 
biological activities can be preserved (Knowles et al. 1987; Munoz et al. 1990). Hence，the 
blue gel was chosen in the present purification scheme. 
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2.1.2. Cation exchange chromatography using Resource S column 
Since type I RIPs are highly basic proteins, cation exchanger is the usual choice for 
the purification protocol. In this project, the Resource S column was chosen. It is a pre-
packed columns with Source 15S media with the number ' 15 ' indicating the uniform 
15|im beads. Monodispersity together with the absence o f broken beads and fine particles 
give low operating back-pressures. The functional group o f Source 15S is methyl 
sulfonate which renders the charge capacity o f the gel to be the same over the pH range 2 
to 12 (Pharmacia Biotech). 
2.1.3. Gel filtration using Superose 12 column 
Another common technique to purify RIP is to separate according to molecular 
size by gel filtration. In this project, a pre-packed Superose 12 column was used. Superose 
12 is a crossed-linked, agarose-based medium with an average particle size of 10 - 11 [xm 
optimised for high performance gel filtration. The fractionation range of the media for 
globular proteins is between 1000 - 300,000Da. 
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2.2. Materials and methods 
Trichosanthin (TCS) standard solution was purchased f rom Jinshan Pharmaceutical 
Co. , Shanghai, China. Purified a - M M C was isolated in accordance with the method o f 
Yeung et al. (1985). L-[4 ,5-3H] leucine was purchased from Amersham, UK. M 1 3 m p l 8 
RF I D N A used in DNase assay was ordered f rom N e w England Biolabs，USA. Other 
chemicals were o f analytical grade and were used wi thout further purification. Buffers 
used for chromatography were prepared using Milli-Q wate r (produced by water 
purification system o f Mllipore，USA) and passed through a 0 .22um membrane fitted t o a 
bott le top filter (Millipore, USA) followed by degassing for 8 minutes in an ultrasonic 
cleaner (Branson 2210). The GradiFrac System o f Pharmacia Biotech and System Gold o f 
Beckman were used for purification. 
2.2.1. Purification of momorgrosvin 
Ripe dried fruits of Momordica grosvenori were purchased f rom a local market. In 
a typical preparation, 25g of decorticated seeds were blended in a coffee blender into a dry 
powder form and 75ml o f cold 0 .9% NaCl were then added. The mixture was 
homogenized with a Polytron homogenizer (Kinematics). The slurry formed was stirred at 
4。C for 1 hour and then centrifuged (Beckman model J2-21) at 20000g (Rotor JA14) for 
10 minutes at 4。C. The pellet was discarded. The supernatant was passed through glass 
woo l and the volume was measured. Chilled acetone (-20。C) was added (0.8 vol/vol) 
slowly and the mixture was stirred for 1 minute. The mixture was centrifuged for another 
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10 minutes at 4 °C at 20000g. The pellet was discarded again and t o the supernatant chilled 
acetone was added until its final concentration was 2 vol/vol. After stirring for 1 minute 
followed by centrifugation at lOOOOg at 4 °C for 10 minutes，the supernatant was discarded 
and the pellet was dissolved in 10ml o f 2 0mM sodium phosphate, p H 6.8 and then either 
lyophilized (Labcoiico) or subjected to the next purification step directly. 
The dissolved acetone powder was syringe filtered (0.22um) and loaded onto a 
5ml HiTrap Blue column pre-equilibrated with 20 m M sodium phosphate, p H 6.8. The 
column was washed with 3 bed volumes o f the same buffer t o remove most o f the 
unbound substances. Elution was performed with a linear gradient o f 0-0.4 M NaCl in the 
washing buffer at a flow rate of2ml/min. The pooled fraction P3 was concentrated with an 
ultrafiltration stir cell (Nucleopore) using a membrane with a molecular weight cutoff at 
lOOOODa. Buffer exchange was carried out in the same apparatus by 3 additions o f 20ml 
o f 2 0 m M formate buffer, p H 4.0. 
The concentrated sample was then syringe filtered and applied to a Resource S 
column (6ml) pre-equilibrated by 20mM formate, p H 4.0. After washing with 3 bed 
volumes o f the same buffer，the proteins were eluted with a linear gradient o f 0-0.75 M 
NaCl at a f low rate o f 2ml/min. Pool 2 was collected, concentrated by ultrafiltration to 
about 1 ml and then syringe filtered. The sample was further concentrated by refrigerated 
vacuum centrifugation (UniVapo 100H and UniJet D, UniEquip) to a volume o f about 
300[il. 
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A 200^11 aliquot of the concentrated sample were injected into a Superose 12 (HR 
10/30) column pre-equUibrated in 20mM formate, p H 4.0 containing 50mM NaCl. Flow 
rate was maintained at 0.5ml/min. 
The purified sample was dialyzed against Milli-Q water in Spectra^Por dialysis 
m e m b r a n e (MWCO 12000-14000, Spectrum, USA) and concentrated. It was then 
aliquoted and stored at -20°C in sealed, autoclaved microfuge tubes. 
2.2.1.1 Protein determination 
Protein concentration was determined using the protocol of Scopes (1993) as 
modified from Lowry et al. (1951) using bovine serum albumin (BSA) as a standard. To 
each 0.2 ml sample, 1 ml solution C (1 part solution A (0.5% C u S 0 4 . 5 H 2 0 and 1 % 
N a 3 C 6 H 5 0 7 . 2 H 2 0 ) in 50 parts of solution B (2 % N a 2 C 0 3 and 0.4% NaOH)) was added. 
The sample was allowed to stand at room temperature for 5-10 minutes. Then 0.1 ml 
solution C (1 part Folin-Ciocalteu phenol reagent (BDH, UK) in 1 part H 2 0 ) was added 
and mixed immediately. After standing at room temperature for another 20 - 30 minutes, 
absorbance at 750 nm was measured using a Hitachi U2000 spectrophotometer. 
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2.2.1.2. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) 
Electrophoresis was performed according t o the procedure o f Laemmli et al 
(1973), using a 15 % resolving gel and a 4 % stacking gel (s tock acrylamide solution: total 
acrylamide content, % T = 30 % w/v, ratio o f crossUnking agent bis-acrylamide to 
acrylamide monomer , % C = 2.7 % w/w). The gel wa s cast on the Mini-Protean set U 
(Bio-Rad, California, U.S.A.). The solutions o f resolving gel and stacking gel were 
prepared fresh prior to experiment according t o the following recipe; 
Resolving gel Stacking gel 
H 2 0 2.35ml 3.05ml 
Tris-HCl 2.5ml (7.5M, pH8.8) 1.25ml (0.5Mf pH6.8) 
10% SDS lOOjil 50|il 
T E M E D 12^1 M 
Stock acrylamide 5ml 0.67ml 
10 % APS 50M.1 5 0 0 
Samples were diluted with the 5X sample loading buffer (10 % glycerol, 2 % SDS, 1 % 
bromphenol blue in 60 m M Tris-HCl, pH6.8，5 % v/v P-mercaptoethanol). The samples 
were boiled in the water bath for 4 minutes. Electrophoresis was performed in the 
electrode buffer (stock 5X electrode buffer (1 L) at pH 8.3 containing 15 g Tris-Base, 72 
g glycine and 5 g SDS) at a constant voltage o f 180 V for about 1 hour. When the 
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t racking dye, bromphenol blue； reached the bo t tom o f the gel, electrophoresis was 
stopped. 
Proteins present in the gel were stained wi th either the Coomassie blue staining 
or the silver staining method. In the Coomassie blue staining method, the gel was stained 
wi th 0.1 % Coomassie Brilliant Blue R-250 in destaining solution (10 % (v/v) acetic acid, 
45 % (v/v) methanol) for half an hour. The gel w a s then destained in destaining solution 
wi th several changes o f the solution until the background wa s clear. In the silver staining 
method，the gel was first fixed by immersion in a solution o f fixative (10 % acetic acid, 40 
% methanol, 50 % water , v/v) for 30 minutes. After rinsing wi th distilled water , the gel 
wa s sensitized wi th sodium thiosulfate pentahydrate solution (0.03 % w/v) for 1 minute. 
Then the gel was washed with distilled water for 2 minutes and soaked in 0.1 % silver 
nitrate solution for 30 minutes with gentle agitation. After a brief wash (< 30 Sec) with 
distilled water , the gel was developed with a developing solution (0.05 % formaldehyde 
(37 % ) in 3 % N a 2 C 0 3 ) . The reaction was s topped wi th 1 M citric acid. 
2.2.1.3. Preparation of rabbit reticulocyte lysate 
The rabbit reticulocyte lysate was prepared from phenylhydrazine-treated rabbit 
which made the animal anemic (Maniatis et al. 1982). To obtain anemic blood, 
phenylhydrazine (a 1.2 % solution neutralized to p H 7.5 with 1 M HEPES, pH 7.0) was 
injected subcutaneously into the rabbit (2-3 kg). Five doses, 1.0, 1.6, 1.2, 1.6, and 2.0 ml, 
we re injected on days 1，2，3，4 and 5 respectively. On days 7 and 8，the rabbit was bled 
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directly f rom its heart with heparin-containing syringes. Blood was mixed with chilled 
normal saline containing 0.02 % heparin and then centrifuged at 2,000 g for 5 minutes. 
The packed cells were then washed three times wi th chilled normal saline and centrifuged. 
The volume o f packed ceUs was estimated and the cells were lysed at 4。C by addition of 
an equal volume o f cold DEPC water. After mixing, the lysate was centrifuged at 20,000 g 
for 30 minutes. The supernatant was divided into 0.5 ml aliquots and frozen at -70。C. 
The lysate wa s stable for at least 6 months at this temperature. 
2.2.1.4. Cell-free protein synthesis assay 
Inhibition o f cell-free protein synthesis was measured according to the procedure 
o f P e l h a m et al. (1976) with modifications, using the rabbit reticulocyte lysate system. In 
order t o determine the value o f I C 5 0 , the concentration at which translation was inhibited 
by 50%，samples were diluted 10-fold serially with O.lmg/ml bovine serum albumin 
(BSA). Ten microlitres of sample were added t o o f hot mixture (500 m M potassium 
chloride, 5 m M magnesium chloride, 130 m M phosphocreatine and 1 ^iCi L-[4，5-
3
H]leucine) and 30nl o f working lysate (rabbit reticulocyte lysate containing 0.1 n M hemin 
and 5 o f creatine kinase). The reaction mixture was incubated at 37。C for 30 minutes, 
followed by addition of 330nl 1M N a O H with 0 .2% 民 0 2 . The mixture was further 
incubated under the same conditions for 10 minutes to allow decolorization and tRNA 
digestion to take place. Protein with radioactivity incorporated was precipitated when an 
equal volume o f the reaction mixture was added to 4 0 % trichloroacetic acid with 2% 
casein hydrolysate in a 96-well plate. The precipitate was then collected by filtration on a 
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glass fiber filter (Whatman GF/A), washed and dried with absolute alcohol passing 
through a cell harvester attached to a vacuum pump. The filter was suspended in scintillant 
(67% toluene, 33% Triton X-100, 4 g/1 2,5-diphenyloxazole (PPO) and 0.4 g/1 l，4-bis[5-
phenyl-2-oxazolyl]benzene (POPOP)) and counted in an LS6500 Beckman liquid 
scintillation counter. 
2.2.1.5. N-glycosidase assay 
The assay for N-glycosidase activity towards rRNA was performed according to 
the procedure o f Endo et al. (1987) with slight modifications. 
2.2.1.5.1. Precautions for working with R N A 
R N A is vulnerable to the attack of RNase which is ubiquitous, existing on our 
hands and coming from bacteria and fungi present on airborne particles. Moreover, most 
RNases are heat-stable, resistant to denaturants and do not require ions for activity. In 
order to minimize the chances of RNase contamination, sterile, disposable plasticware was 
used for handling R N A as these materials are generally RNase-free and do not require pre-
treatment. Non-disposable wares were autoclaved before use. Water and all buffer 
solutions were treated with 0.1% (v/v) diethyl pyrocarbonate (DEPC), stirred overnight at 
room temperature and then autoclaved to remove any traces o f DEPC. Tris buffer was not 
treated with DEPC directly since its primary amine group would react with the latter. 
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Those solutions were prepared with DEPC-t rea ted wate r and then sterilized by 
autoclaving. 
2.2.1.5.2. React ion o f proteins with rRNA and R N A extraction 
React ion mixture containing sample made up t o 80 with Buffer A (25 m M Tris-
HC1，pH 7.6，25 m M KC1, 5 m M MgCl 2 ) and 60 o f rabbit reticulocyte were allowed to 
incubate at 37。C for 30 minutes. The reaction was stopped by chilling on ice and addition 
o f 2 6 0 \x\ o f 0 .77% SDS (final concentration o f SDS = 0.5%). 
Phenol was used to denature and extract proteins out o f an aqueous solution of 
R N A into the organic phase. An equal volume o f phenol (400 ^1), equilibrated with 0 .1M 
Tris-Cl at p H 8.0，was added to extract the RNA. The mixture was vortexed well and 
centrifuged at 14000rpm for 2 minutes. The upper aqueous R N A phase was re-extracted 
with an equal volume of phenol : chloroform : isoamyl alcohol (25: 24: 1 by volume). The 
R N A in the upper phase was precipitated by adding two volumes o f cold, absolute ethanol 
and 0.1 volume o f 3 M sodium acetate. After standing at - 70 °C for 30 minutes., R N A was 
pelleted by centrifugation at 14000rpm for 20 minutes at 4。C in a microcentrifuge. The 
R N A pellet was washed twice with lml cold 70% E t O H and dried by vacuum 
centrifugation (SpeedVac, Savant Instrument Inc., U.S.A.) at 45 °C for about 5 minutes. 
16 D E P C - H 2 0 was added to dissolve the R N A and mixed well. 9\x\ of each sample 
were transferred to a new microtube for aniline treatment. The rest (without aniline 
treatment) was stored at -70 °C until electrophoresis. 
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2.2.1.5.3. Aniline treatment 
To the tubes for aniline treatment，80 [x\ o f working aniline (15 i l l aniline, 24 \x\ 
acetic acid, 111 jal D E P C . H 2 0 ) were added and the reaction mixture was incubated at 
6 6 o C f o r 3 minutes. The R N A was precipitated and recovered as described in the previous 
section. Finally the R N A pellet was redissolved in 8 jil D E P C . H 2 0 . 
2.2.1.5.4. Quantitation of R N A 
Nucleic acid was quantitatied by measuring absorbance at 260nm and 280 nm 
using a Hitachi U2000 spectrophotometer. Total R N A in lOOul o f the rabbit reticulocyte 
lysate was extracted as described in the section 2.2.1.5.2.. The precipitated R N A pellet 
w a s redissolved in 3ml o f D E P C H 2 0 and absorbance at 260nm and 280nm was measured. 
The 260 : 280 ratio (A26o/A2so) determines the ratio o f R N A to protein in a sample. A 
value o f 2 士 0.05 is usually judged to be pure enough for further analytical purpose. The 
following formula was applied t o calculate the concentration o f RNA: 
R N A (jig/ml) = A 2 6 0 x 44.19 
where A 2 6 0 is the absorbance at 260nm, and 44.19 is the extinction coefficient o f RNA. 
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2.2.1.5.5. Foramide gel electrophoresis 
Formamide gel (1.2 % ) was prepared by melting 0.36 agarose in 12 ml D E P C H 2 0 
in a microwave oven. Then 3 ml E P buffer ( 36mM Tris, p H 7.6，30mM N a H 2 P 0 4 , 2 m M 
EDTA-Na ) and 15 ml o f formamide were added. The gel solution wa s poured into a gel 
t ray and allowed t o solidify. 
An aliquot o f 3 � R N A was mixed with 1 E P buffer, 6 � formamide and 1 … 
g d loading buffer (0 .1M EDTA, and 0.5 % (w/v) bromophenol blue in 50% glycerol) and 
the mixture we r e incubated at 6 5 ° C for 5 minutes in order t o denature the RNA. 
The sample mixture was applied to the sample well and gel electrophoresis was 
carried out at a constant voltage o f 50 V for 1.5 hour in electrode buffer (10 % E P buffer, 
50 % formamide in D E P C H 2 0 ) . After electrophoresis, the gel was stained in ethidium 
bromide (0.5 ng/ml) for 15 minutes and destained in distilled wa te r for 20 minutes. Then 
the gel was photographed with Polaroid 667 instant film. 
> 
47 
2.2.3. Characterization of momorgrosvin 
2.2.3.1. Molecular weight estimation 
The molecular weight o f momorgrosvin was estimated graphically using data 
from SDS-PAGE. A standard protein mixture ( low molecular weight standard, Sigma, 
U S A ) was run at the same time. After electrophoresis and silver staining, the mobilities o f 
protein bands were measured and plotted against log molecular weight. 
2.2.3.2. Amino acid sequence analysis 
Purified momorgrosvin was resolved in 15% separating gel by SDS-PAGE and 
then subjected to protein blotting. A polyvinylidene difluoride (PVDF) membrane was 
soaked in 100% methanol for a few seconds t o make it wet . It wa s then soaked in transfer 
buffer ( 25mM Tris-Cl，192 m M glycine, 15% methanol, p H 8.3) for 5 minutes. Two 3mm 
filter papers and the gel were also soaked in the buffer briefly. Blotting was performed 
using a semi-dry transfer cell (Bio-Rad, USA). One piece o f filter paper was placed at the 
bo t tom upon which were laid the PVDF membrane, the gel and then another piece o f filter 
paper. Blotting was carried out at 16V for 30 minutes. After the transfer the membrane 
was stained and destained as usual SDS-PAGE gel followed by extensive wash by Milli-Q 
water to remove any amino-containing contaminants, i.e. Tris and glycine (Cook 1994). A 
conspicuously stained band was considered to contain a sufficient amount o f protein for 
sequencing. The band was cut out and air dried before storing at -20°C. Amino acid 
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sequence analysis was done using a HP G1000A Edman degradation unit and HP1090 
H P L C system. 
2.2.3.3.Native isoelectric focusing 
In order t o determine the isoelectric point, the procedure ofEde ls te in (1991) was 
followed with modifications. A 5%T, 2 .67%C gel was consti tuted from acrylamide stock 
solution (30%T，2.67%C), and contained 0 .2% broad range (pH 3.5 - 10) ampholyte 
solution and 2 % ampholyte solution of the desired range (Ampholine from Pharmacia 
Biotech, Sweden)，cast on the Mini-Protean set H (Bio-Rad, California, U.S.A.) using 
1mm thick spacer. The sample was mixed with an equal volume o f 2 X sample loading 
buffer (3ml glycerol + 1.8ml H20 + 200ul ampholytes which has the same proportions as 
for gel) and spinned for 5 minutes before loading. In order t o obtain best results, the 
polarity o f the system was reversed so that the p H gradient would be increasingly basic 
towards the bo t tom of the gel. 20mM sodium hydroxide wa s added t o the lower buffer 
chamber as catholyte and lOmM phosphoric acid was added t o the upper buffer chamber 
as anolyte. Hence, the polarities o f the electrical leads were reversed when attached to the 
power supply. Focusing of narrow range gel (pH 7 - 9) was carried out for 1.5 hours at 
200V and then for 1.5 hours at 400V, constant voltage. Fo r broad range gel (pH 3.5 _ 10)， 
focusing t ime was cut down to 1 hour in both sessions since deeper gradient requires less 
t ime to give a good resolution of protein bands. After focusing, the gel was washed in 
10% trichloroacetic acid for 5 minutes three t imes and then subjected to silver stain as for 
SDS-PAGE gels. 
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2.2.3.4. Detection of glysosylation by lectin labelling 
Lectins are animal and plant protein/glycoproteins that are carbohydrate-binding 
molecules. They are conjugated to a labelling agent for detecting the carbohydrate 
moieties of glycoproteins on nitrocellulose membrane (Thornton et al. 1994). In this case 
concancavalin A (purifed from jack bean, Canavalia ensiformis) conjugated with biotin 
and avidin conjugated with alkaline phosphatase, purchased from Sigma, were used. 
Samples were resolved by SDS-PAGE followed by electro-blotting as described in 
section 2.2.3.2. except that (1) nitrocellulose membrane was used instead o f P V D F ; (2) a 
different buffer system was employed _ anode buffer I for the bot tom filter paper (0.3M 
Tris，pH 10.4)，anode buffer II for the nitrocellulose membrane (25mM Tris, pH 10.4) and 
cathode buffer for the upper filter paper (25mM Tris, 40mM glycine, pH 9.4). Methanol 
was not needed since nitrocellulose is hydrophiHc. After blotting, the membrane was 
washed in distilled water for 5 minutes and then incubated for 30 minutes in blocking 
solution (1% w/v BSA in PBST - 0.01M phosphate buffered saline (PBS), pH 6.8 
containing 0 .1% v/v Tween 20) and for another 30 minutes with biotinylated 
concancavalin A in PBST at lOjag/ml. The membrane was washed 5 minutes three times in 
PBST followed by incubation with alkaline phosphatase-labelled avidin (5|ig/ml) in PBST 
for 30 minutes. Afterwards, the membrane was washed three times for 5 minutes each in 
PBST and another three times for 5 minutes each in alkaline-phosphatase buffer (0.1M 
Tris-HCl，pH 9.5，0.1M NaCl，5mM MgCl 2). For colour to develop, freshly prepared 
developing reagent was added to the membrane, which included 10ml alkaline-
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phosphatase buffer, 66^1 NBT solution (p-nitro blue tetrazolium chloride in 70% 
dimethylformamide) and 33^1 BCIP solution (50mg/ml 5-bromo-4-chloro-3-indolyl 
phosphate in 100% dimethylformamide). The reaction is mostly complete within 30 
minutes and can be stopped by rinsing the membrane with distilled water. 
2.2.3.5. Activity toward tRNA 
The activity of momorgrosvin toward tRNA was determined by measuring the 
production of acid-soluble UV-absorbing species according to the method of Mock et al. 
(1996). Momorgrosvin was incubated with 200^ig o f tRNA (Sigma, USA) in 150…of 
lOOmM sodium acetate, pH 5.5，at 37°C for 1 hour. The reaction was terminated by 
addition of 350 � o f ice-cold 3 .4% perchloric acid. After standing on ice for 15 minutes, 
the sample was centrifuged at 14000g for 15 minutes at 4。C. The absorbance of the 
supernatant, after 3-fold dilution with DEPC-water , was measured at 260nm. One unit of 
enzyme activity is defined as the amount of enzyme that produces an absorbance increase 
at 260nm of one per hour in the acid-soluble fraction per ml o f reaction mixture under the 
specified conditions. 
2.2.3.6. Deoxyribonucleolytic (DNase) assay 
DNase activities was studied according to the method of Go et al. (1992). 
Reagents and buffers were prepared using Milli-Q water with a resistivity of 18 megaohm-
cm. 200ng o f M 1 3 m p l 8 RFI DNA substrate was incubated with momorgrosvin in 14|il 
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2 m M magnesium chloride； 2 m M calcium chloride and lOmM Tris-Cl pH 7.5 in a 0.5ml 
microtube at 37 °C in a waterbath. The reaction w a s terminated by adding 1/6 volume of 
agarose gel loading buffer (0 .25% w/v bromphenol blue, 0 .25%w/v xylene cyanol，30% 
v/v glycerol and 6 0 m M EDTA, p H 8.5) and storing the mixture at -20。C before 
electrophoresis. 
The gel was prepared with 0 .8% (w/v) agarose dissolved in Tris /borate/EDTA 
(XBE) (10.8g Tris base, 5.5g boric acid，4ml 0 . 5M E D T A p H 8.0 in 1L H 2 0 ) . 
Electrophoresis wa s performed at a constant vol tage o f 6 0 V in a gel tank with TBE 
buffer. After electrophoresis, agarose gels were stained wi th ethidium bromide (0.5iag/ml 
wate r ) for 15 minutes. Subsequent destaining wa s carried out by washing the gel in water 
for 20 minutes. D N A bands were visualized on a LTV-transilluminator (302nm) and 
photographed wi th Polaroid 667 instant film. 
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2.3. Results 
2.3.1. Purification of momorgrosvin 
After acetone precipitation, about 49.4mg o f crude powder was extracted from 
25g ofunshel led seeds (Table 2.1). The IC 5 0 for translation inhibition induced by the crude 
powder was 1.8ug/ml and its total activity was designated as 100% to calculate the yield 
o f activity from the chromatographed pools. SDS-PAGE revealed that the crude powder 
contain relatively few bands (Fig 2.2). 
Six pools were obtained after applying the crude powder onto the HiTmp Blue 
column as shown in the chromatograph (Fig 2.1). It seems that all o f the activity was 
adsorbed t o the column under the experimental conditions with 73% of the activity 
recovered from P3 (Table 2.1). The activity of this pool was about 3 times stronger than 
that o f the crude powder although its electrophoretic profile did not show big differences 
from that o f the crude powder (Fig 2.2). The buffer in P3 was then exchanged before P3 
was loaded on the Resource S column. 
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Sample IProtein IIC50 [Specific activity Total Yield 
(mg) (ng/ml) (unit/mg) activity 
(units) 
Crude a c e t o n e " " " " 4 9 A 1 8 0 0 5 5 5 ^ ~ 27444.4 100% 
powder 
HiTrap Blue — ~ 
p ] 11 * N.A. N.A, N.A. 
" " " “ “ “ 4 6 3 5 0 0 ~ 285.7 1 3 1 4 . 3 5 % _ _ 
^ T T 5 5 0 ~ 1818.2 20000.0 73% 
P4~" 7.8 * N.A- N.A. N.A. 
P5 ~ N.A. N.A. N.A. 
P 6 ~ N.A. N.A. N.A. 
Resource S — 
— p i 0.783 530 1886.8 1477.4 _ 5 % _ 
P2 0.234 20 50000 11700 43% 
P3 4.814 2100 4 7 6 2 2292.4 8% 
P4 N.A. N.A. 
f l 0 M 4 _ _ * * _ _ N.A. N.A. N.A. 
Superose 12 — — -
p i 0.06 8.31 120337.0 7220.2 26% 
(momorgrosvin) — 
p 2 0.02 *** N.A. N.A. N.A. 
N.A. - No t applicable 
* - N o inhibition at 3[j.g/ml 
** _ N o inhibition at 400ng/ml 
*** - N o inhibition at lOOng/ml 
Table 2.1 Yield of protein and activity in the purification o f momorgrosvin from 25 g of 
decoated seeds. Purification procedure and method o f assaying translation 
inhibition were described in section 2.2. One unit o f activity is defined as the 
amount of protein required to inhibit protein synthesis by 50% in lml of 
reaction mixture. 
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Pool 1 2 3 4 5 6 
5 10 15 20 25 30 35 40 
Tube number + f_l，n p ? i , e t 
…•…-NaCl g rad ien t 
Fig 2.1 Chromatography o f 49mg of crude acetone powder on a 5ml HiTrap Blue column. 
The powde r was dissolved in about 10ml o f 2 0 m M phosphate buffer，pH 6.8 with 
which the column was equilibrated. Elution was performed with a gradient o f 0 _ 
1M NaCl in the binding buffer at a flow rate o f 2ml/min. The eluate was collected 
at 4ml per tube. Pool 3 (shaded area, about 20ml) was collected for further 
purification. 
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Fig 2.2 SDS-PAGE o f crude acetone powder and pools separated by HiTrap Blue column. 
Lane 1: crude acetone powder; lane 2: molecular weight standards (Sigma) 
including bovine serum albumin (66kDa), ovalbumin (45kDa), glyceraldehyde-3-
phosphate dehydrogenase (36kDa), carbonic anhydrase (29kDa)，trypsinogen 
(24kDa), soybean trypsin inhibitor (20kDa), a-lactalbumin (14.2kDa) and 
aprotinin (6.5kDa); lanes 3-8 correspond to pools 1-6 respectively separated by 
HiTrap Blue. 
The strong cation exchange column Resource S (6ml) resolved the sample into 5 
peaks (Fig 2.3). Since buffer in the sample was exchanged by ultrafiltration, protein and 
peptides with molecular weight smaller than 10000 Da were mostly eliminated as revealed 
by SDS-PAGE (Fig 2.4). The ultrafiltrate was collected and almost no translation 
inhibition activity was detected，although its amount was about half o f that of the 
retentate. 4 3 % of the activity resided in the smallest peak P2, whose IC 5 0 was about 25 
times stronger than the sample loaded (Table 2.1). This pool contained 
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Pool 1 2 3 4 5 6 
0 . 2 0 - I r ^ j j j
 1 U 
HllWvlJ
j 
0 . 0 0 | ^ ^ , p j , 1 ^ o . o 
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Tube n u m b e r + ^ution profile 
… - N a C I g r ad i en t 
Fig 2.3 Chromatography o f 8mg of HiTrap Blue P3 on a 6ml Resource S column. The 
pool was in 20mM formate buffer，pH 4.0 with which the column was equilibrated. 
Elution was performed with a gradient o f ( M M NaCI in the binding buffer at a 
flow rate o f 2ml/min.The eluate was collected at 4ml per tube. Pool 2 (shaded 
area, about 13ml) was collected for further purification. 
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Fig 2.4 SDS-P AGE of the pools separated by Resource S column. Lane 1: molecular 
weight standards (Sigma) including bovine serum albumin (66kDa), ovalbumin 
(45kDa), glyceraldehyde-3-phosphate dehydrogenase (36kDa) ? carbonic anhydrase 
(29kDa), trypsinogen (24kDa), soybean trypsin inhibitor (20kDa), a-lactalbumin 
(14.2kDa) and aprotinin (6.5kDa); lanes 2-6 correspond to pools 1-5 respectively 
separated by Resource S. 
only one major band at about 27kDa which is momorgrosvin，and some contaminants with 
lower molecular weights (Fig 2.4). It was concentrated and subjected to gel filtration. 
After separation on the Superose 12 HR10/30 column, a major peak which 
represented momorgrosvin was obtained (Fig 2.5) which gave a single band in SDS-
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Pool 1 2 
a 
0.00 H 1 1 1 n 1 ^ I I ‘ 
0 2 4 6 8 10 12 14 16 18 20 
Elution volume (ml) 
Fig 2.5 Chromatography of 150mg of Resource S P2 on a Superose 12 HR10/30 column. 
200jil o f concentrated pool was injected into the column which was equilibrated 
with 50mM NaCl in 20mM formate, pH 4.0. Elution was performed at a flow rate 
of0.5ml/min. The major peak (Pool 1) was identified as momorgrosvin. 
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I j m m F i g 2.6 SDS-PAGE of the pools separated by 
6 叫 
4 3 k D a — ^ ^ ^ p ^ Superose 12 column. Lane 1: major 
36kDa-> ^ H r peak (momorgrosvin); lane 2: Pool 2; 
I I 
29kDa-> i J ^ K lane 3: molecular weight standards 
24kDa-> r i H ^ P 
I ,: ！ ‘ I 
(Sigma) same as those used in the 
20kDa— j 
I ^ ^ ^ previous gels. 
: — 1 • 
6.5kDa^ | H 
I ^ ^ ^ I 
I 
PAGE (Fig 2.6). The determination of IC 5 0 o f momorgrosvin was performed at the same 
time with TCS for comparison. The results were 0 .3nM and 0.016nM respectively (Fig 
2.7), that is, TCS was 19 times stronger than momorgrosvin in inhibiting cell-free protein 
synthesis. About 60 | ig of momorgrosvin was obtained from the purification procedure 
which represents a yield of 26% of the total activity (Fig 2.1). 
In order to confirm whether the purified momorgrosvin was an REP, its activity 
towards rRNA was tested by the N-glycosidase assay. The result was positive. 
Momorgrosvin gave rise to Endo ' s band at a concentration as low a s 9 n M (Fig 2.8). 
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F i g 2.7 Determination o f I C 5 0 of translation inhibition for momorgrosvin. IC 5 0 o f TCS 
was also determined at the same time for comparison. Data represent mean 士 SD 
of triplicates. The values obtained for the two RIPs were 0.3nM and 0.016nM 
respectively. 
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498 ^ ^ ^ ^ H H H H ^ ^ ^ H ^ I <~28S 
3 6 3 8 ^ » , ； ；、 I 
2604-> l 
1908-» J ^ J ^ ^ J ^ ^ m U U I ^ I U U I I 4-18S 
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 —Endo，s 
lane 6- 6+ 7- 7+ 
Fig 2.8 R N A N-glycosidase activity of momorgrosvin. : no aniline treatment; ： 
aniline-treated. Starting from upper row: lanes 1: negative control (no Endo ' s 
band); lane M: RNA markers (Promega, USA); lanes 2: TCS; lanes 3 - 7: 10-fold 
serial dilution of momorgrosvin at 900nM，90nM, 9nM, 0.9nM and 0.09nM 
respectively. The activity of momorgrosvin can be detected at concentrations 
down to 9nM. About O. l ug of RNA was loaded per lane. It was quantitated that 
there was 0.195|ag of RNA in lOul of lysate and the ratio A260/A280 was 2.02. 
Thus the RNA was pure enough for analytical purpose. 
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2.3.2. Characterization of momorgrosvin 
2.3.2.1. Molecular weight estimation 
The molecular weight o f momorgrosvin wa s estimated from its mobility in 
SDS-PAGE, and those o f TCS and a -momorchar in were also calculated from the 
same gel for comparison. Their sizes were respectively 27 .7kDa, 24kDa and 29kDa 
(Figs 2 .9 and 2.10). 
2.3.2.2. N-terminal amino acid sequence 
The sequence o f the first 18 N-terminal amino acid residues is as follows: 
D V T F S M L G A N G A T Y Y Q F F . 
This sequence is compared with those o f other R IPs in Table 2.2. 
2.3.2.3. Native isoelectric focusing 
Focusing experiments were performed at t w o p H ranges, namely p H 3.5 - 9.5 
and p H 7 - 9. Surprisingly, purified momorgrosvin did not show up as a single band as 
in SDS-PAGE (Fig 2.11). Instead，it appeared as a smear containing a few bands in the 
range o f p H 8.15 _ 9. TCS had a p i greater than 9.3 as it went even further than the 
most basic marker trypsinogen although it also had a ' tail ' o f which the p i fell below 
9.3. Since only about l | i g o f TCS was loaded, tailing caused by overloading was 
unlikely. 
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Fig 2.9 SDS-PAGE of momorgrosvin (lane 1)，a-momorcharin (lane 3) and TCS (lane 
4) for molecular weight estimation. Lane 2: molecular weight marker (Sigma) 
including bovine serum albumin (66kDa) ? ovalbumin (45kDa), glyceraldehyde-
3-phosphate dehydrogenase (36kDa), carbonic anhydrase (29kDa), trypsinogen 
(24kDa)，soybean trypsin inhibitor (20kDa)，a-lactalbumin (14.2kDa). 
4
 T “ I Fig 2.10 Linear regression plot of protein 
band mobility，as shown in Fig 
I 3- \ 
^ 2.9，against common log of 
1 \ . 
I 2 X molecular weight. Aprotimn 
I I V 
I (6.5kDa) was neglected since it 
s 1
 “ • showed a large deviation. The 
\ molecular weights (MW) of the 
o-^  - “
r
— c 
1 e + 5 
1 e
 log of molecular weight RIPs were calculated by: 
mobility = -4.2126 X log(MW) +20.6658 
a s given by the regression data. Thus, the estimated M W of momorgrosvin, a -
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Fig 2.11 Native isoelectric focusing • (A). pH gradient 3.5 - 9.5. Lane 1: 
momorgrosvin; lane 2: TCS; lane 3: broad range p i markers (Pharmacia 
Biotech); lane 4: BSA. (B). pH gradient 7 - 9. Lane 1: TCS; lane 2: m morgrosvin; lane 3: broad range p i markers. Momorgrosvin appeared as a s ear containing a few b nds rather th  a single band as in SDS-PAGE. 
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2.3.2.4. Glycosylation of momorgrosvin detected by lectin staining 
Bo th momorgrosvin and a-momorcharin displayed positive signals on the 
nitrocellulose membrane (lanes 4 and 6, Fig 2.12)，i .e. they were bound by 
concanavalin A which has affinity towards a -D-g lucose and a -D-mannose . 
Momorgrosv in was weakly stained by bo th silver staining and lectin staining since only 
about 0.2[ig protein was loaded per gel compared with 0.5jag o f other samples. 
Surprisingly, TCS (lane 5，Fig 2.12) also gave an equally strong signal as a -
momorchar in in contrast to the result (not shown) that it w a s not stained by periodic 
acid/SchifF staining
1
 even when its load wa s 2 0 % higher than a-momorchar in . 
Horseradish peroxidase (positive control, lane 3) wa s stained heavily while 
recombinant g rowth hormone (negative control，lane 1) showed no signal at all. 
Markers (lane 2) were differentially stained. B S A (not glycosylated) was used t o block 
the membrane and, as expected，it was not bound by concanavalin A and therefore the 
background was clear. 
1 The procedure was essentially from Jay et al. (1990). 12昭 of a-momorcharin and 14.4^ of TCS 
were resolved by SDS-PAGE. Then the gel was fixed in 50% methanol for at least one hour. After 20 
minutes in Milli-Q water to swell the gel, it was immersed in 2% periodate (w/v) for 15 minutes 
followed by two 2 minutes rinses with water. 50ml of Schiff reagent was added to the gel with gentle 
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Fig 2.12 Detect ion o f glycosylation by lectin staining. A) proteins on polyacrylamide 
gel revealed by silver staining. B) Detect ion o f glycosylation o f the same proteins as 
seen in (A) by lectin staining using concanavalin A. Lane 1: recombinant grass carp 
growth hormone (negative control); lane 2: molecular weight standards (Pharmacia) 
including phosphorylase b (94kDa), bovine serum albumin ( 6 7 _ , ovalbumin 
(43kDa), carbonic anhydrase (30kDa) and soybean trypsin inhibitor (20.1kDa); lane 3: 
horseradish peroxidase positive control); lane 4: momorgrosvin; lane 5: TCS; lane 6: 
a - M M C . Those bands which appeared in (B) were supposed to be bound by 
concanavalin A and therefore are glycosylated. 
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2.3.2.5. Activity towards tRNA 
Momorgrosvin and a-momorcharin both act catalytically on tRNA, as shown 
by the release o f acid-soluble UV-absorbing species. Their activities were dose-
dependent and the specific activity of momorgrosvin was double that of a -
momorcharin(Fig 2.14a and b). On the other hand, TCS displayed very little activity 
even at higher dosages while momordin (purchased from Sigma) had a very high 
specific activity, over 50 times that of momorgrosvin. 
600 -| “ “ “ 
5 0 7 
i 500 r n 
！400 
I 
I 200 — 
w 1 0 0 -
4 . 5 0 . 2 5
 1 1 
q I I 1 H
 1
 • • 
momordin alpha-MMC TCS momorgrosvin 
F i g 2.14a Specific activity of RIPs towards tRNA. One unit of enzyme activity is 
defined as the amount of enzyme that produces an absorbance increase at 
260nm of one per hour in the acid-soluble fraction per ml of reaction 
mixture under the specified conditions. 
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Fig 2.14b Activity of various RIPs towards tRNA. Absorbance at 260nm of acid-
soluble UV-absorbing species produced was plotted against the amount of 
RIPs added to 150jal of reaction mixture. 
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2.3.2.6. Deoxyribonucleolytic (DNase) activity 
Incubat ion o f momorgrosvin and a -momorcha r in with M 1 3 m p l 8 RFI D N A 
changed the D N A pattern upon agarose gel electrophoresis (Fig 2.15). After 24 hours 
o f reaction, a -momorchar in turned most o f the supercoiled D N A into the linear form 
(lane 5) while less linear D N A was formed by momorgrosvin (lane 3) although 
visually, the amount o f supercoiled D N A seemed t o be about the same as that in lane 
5. 
(nicked) circular 麗 響 • 疆 • 
linear DNA—• ^ 
Supercoiled 
Fig 2.15 Assay o f DNase activity. 200ng o f M 1 3 m p l 8 RFI D N A were incubated with 
200ng o f RIPs at 37°C for 24 hours except for lanes 2 and 4. Lane 1: no RIP 
(negative control); lanes 2 and 3: incubation with momorgrosvin for 0 hour 
and 24 hours respectively; lanes 4 and 5: incubation with a -momorchar in for 0 




In this purification scheme, the raw material used was dried fruits of 
Momordica grosvenori purchased from a local market. This was different from the 
purification o f a - and P-momorcharins and momorcochin-S in which dried ripe seeds 
were used (Bolognesi et al. 1989; Fong et al. 1996). The dried fruits are intended for 
medicinal and edible purposes but not for agriculture, and thus the drying process may 
involve some baking as deduced from the observation in some o f the dried fruits that 
their dried flesh was blackened and easily crushed into powder. However, regardless of 
whether or not the dried fruits have been baked, translation-inhibitory activity was still 
present in the seed extract and momorgrosvin was purified with a subnano-molar IC5o 
comparable to those of other type I RIPs. Whether momorgrosvin is heat-resistant has 
to be checked. Although 26% of the translation inhibitory activity was recovered, the 
amount o f RIP obtained was very low - 60ug from 25g o f unshelled seeds. In contrast, 
RIPs were obtained from the other two Momordica species with a very high yield. For 
example, 3.1 and 1.7mg of a - and (3-momorcharins, respectively, were purified from 
2.5g of decorticated seeds (Fong et al. 1996). The low absolute yield of momorgrosvin 
may be due to (i) species-species variation; (ii) the possibility that the seeds were 
immature so that less RIP was present (Ferreras et al. 1993) or that they were of 
poorer quality than those reserved for agriculture; (iii) the loss of RIP due to 
denaturation if the fruits have been baked to dryness and (iv) denaturation of some of 
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the active component caused by acetone precipitation used in this purification. In the 
future, dried ripe seeds may be purchased from Guangxi Province for purification o f 
momorgrosvin in order to compare with the yield obtained when seeds from dried 
fruits were used (Momordica grosvenori was not known to be planted in Hong Kong). 
In the quantitation of protein, at first the Bradford assay (kit purchased from 
Bio-Rad，USA) was tried since it is simpler and faster t o perform. However , when 
using TCS as a standard, the absorbance was extraordinarily low - over 10 times lower 
than the same amount o f BSA. Although protein-protein variation is expected, this 
result is unacceptable. Thus, the Lowry assay was adopted t o quantitate protein. 
T w o assays were employed to check the activity o f RIP during the course o f 
purification, namely, translation inhibition assay and R N A N-glycosidase assay. The 
former can give quantitate the activity o f sample by calculating the IC 5 0 . Nonetheless, 
this method is not specific enough because substances other than RIP may also 
interfere with protein synthesis which is a very complex process. This shortcoming is 
circumvented by the R N A N-glycosidase assay. This qualitative technique is very 
specific in that only an RIP can give rise to the diagnostic Endo ' s band upon aniline 
treatment so that the presence o f RIP can be confirmed. 
After chromatography on the HiTrap Blue column, about 80% of total activity 
was recovered (Table 2.1). 73% of the activity (P3 from HiTrap Blue) was applied 
onto the Resource S column and 56% of activity was yielded. A little activity was 
detected in the ultrafiltrate of P3 which accounted for about one-third of the total 
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protein in that p o o l The Resource S column cannot resolve sharp peaks in this case. It 
may be due t o the heterogeneity o f the pool which had a smear o f proteins with a 
molecular weight o f around 10-20kDa (lane 5，Fig 2.2). Moreover , a peristaltic pump 
w a s used t o deliver the buffer. The flow was not steady as pulses were observed. 
Us ing a pis ton pump with a pulse dampener may improve resolution. Finally, P2 from 
Resource S wa s injected into a Superose 12 column and 2 6 % o f activity (Table 2.1) 
w a s recovered f rom a pool which appeared as a single band in SDS-PAGE after silver 
staining (lane 1，Fig 2.6). This pool inhibited protein synthesis by 50% at 0 .3nM (Fig 
2.7) and displayed N-glycosidase activity even when the concentration was down to 
9 n M (Fig 2.8). Furthermore, the single visible band in this pool had an estimated 
molecular weight o f 27 .7kDa (Fig 2.10) in SDS-PAGE. Momorgrosv in is unlikely to 
be multimeric since its retention t ime in gel filtration column suggested that its 
molecular weight should be around 30kDa. Altogether these characteristics o f the band 
closely resembled those o f all other purified type I RIPs and therefore this band was 
identified as a type I RIP and given the name momorgrosvin. 
2.4,2. Amino acid sequence 
The N-terminal amino acid sequence o f the first 18 residues o f momorgrosvin 
wa s obtained and compared with those o f other RIPs in Table 2.2. The highest 
homology observed is with momorcochin-S purified from Momordica cochinchinensis 
- 1 1 out o f 18 residues are identical giving 61% homology. Nonetheless, homology 
with bo th a - and P -MMCs fromM charantia only reaches 39%, with only 7 residues 
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related to M cochinchinensis t h a n M charantia since they belong to the same genus. 
On the other hand, homologies with two other RIPs, bo th reaching 44%, are higher 
than those wi th the momorcharins. One o f them is trichokirin f rom Trichosanthes 
kirilowii, also a member o f the Cucurbitaceae family. The other, interestingly, is the A 
chain o f nigrin b，a non-toxic type II RIP purified from Scanbucus nigra belonging to 
the family Sambucacea. Since only a short sequence is compared, whether this 
homology is coincident has to be investigated. Many other RIPs with a comparable but 
lower degree o fhomo lgy are also listed in Table 2.2. 
Another finding from the short sequence o f momorgrosvin is that it also 
includes the first two o f the fourteen invariant residues possessed by other RIPs, 
namely T y r l 4 and P h e l 7 (underlined in Table 2.2) (Kumar et al. 1997). In TCS, these 
two residues plus the conserved Arg22 are on helix A l , which is on the surface o f the 
protein and spans residues 10-25 (Shaw et al. 1997). T y r l 4 and Arg22 interact with 
the conserved active site residues Glu l60 and A rg l 63 on the adjacent helix A5 and are 
postulated to assist in the folding process of TCS. Therefore, Ty r l 4 and probably 
P h e l 7 o f momorgrosvin may also play the same role. 
2.4.3. Native isoelectric focusing 
Results o f native isoelectric focusing are shown in Fig 2.11 (A) and (B). (A) 
was composed o f a pH gradient from 3.5-9.5 and p H 7-9 for (B). In both cases, 
momorgrosvin (lane 1) did not show up as a single band as revealed by SDS-PAGE. 
Instead, it appeared as a smear of a few bands. Similarly，the broad range markers 
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(Pharmacia Biotech, Sweden) (lane 3) also gave rise to more bands than expected. 
I C S (lane 2) also had some ba i l ing" especially in (A). Bu t since TCS was the most 
basic protein loaded (pi > 9.5) among the samples and it fell outside the range of the 
t w o p H gradients, its ba i l ing" effect may have already been lessened. Actually one of 
the problems with isoelectric focusing is that occasionally proteins may associate with 
ampholyte components , acquiring a different combined isoelectric point and resulting 
in multiple minor bands. Thus, although a single band in isoelectric focusing is a very 
good indication o f homogeneity, multiple components may not reflect t rue 
heterogeneity o f the protein sample (Scopes 1993). Alternatively, this preparation of 
momorgrosvin may include the presence o f isoforms which differ in amino acid 
sequence or degree o f glycosylation not resolved by SDS-PAGE but resolvable by 
isoelectric focusing. Nevertheless, judging f rom the thickest band in lane 1 o f Fig 2.11 
which presumably represents momorgrosvin, it is reasonable t o conclude that 
momorgrosvin is a basic protein with a p i o f around 9. Certainly, the current method 
will have t o be improved to give more precise results. 
2.4.4. Glycosylation 
Momorgrosvin was found to be glycosylated as indicated by lectin staining 
(lane 4，Fig 2.12). a - M M C and，surprisingly, TCS also displayed positive signals. The 
former is well known to be a glycoprotein (Yeung et al. 1987) whereas TCS is long 
recognised as a non-glycoprotein (Barbieri et al. 1993). TCS as well as momorgrosvin 
were unlikely to be bound by concanavalin A nonspecifically considering the finding 
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that recombinant grass carp growth hormone (lane 1) and BS A used to block the 
nitrocellulose membrane were not stained at all. 
Maraganore et al (1987) showed that TCS was negative to periodic acid-Schiff 
stain and exhibited no alteration in eleetrophoretic mobility in SDS-gels after N -
glycanase treatment. It is also mentioned in section 2.3.2.4. that even when the load of 
TCS was 20% higher than a - M M C , it still could not be stained by periodic acid-Schiff 
staining. Actually, as checked from TCS ' s full-length amino acid sequence deduced 
from its cDNA (Shaw et al. 1991)，there is no putative N-Unked oligosaccharide site 
(amino acid sequence NXT or NXS) which is present in both a - M M C and luffin A as 
the sequence N V T corresponding to NVD in TCS (Kumar et al. 1997). TCS may lose 
( o r ? conversely, cannot gain) this site during evolution. However, it does not 
necessarily mean that it has no other unknown N-linked oligosaccharide site and, more 
probably, no O-linked oligosaccharide site‘ Hence, it is now reasonble to think that 
TCS is glycosylated but to a lesser extent than a - M M C since TCS cannot be detected 
by the less sensitive method, namely periodic acid-Schiff staining and electrophoretic 
mobility shift after N-glycanase treatment, 
2.4.5. Activity towards tRNA 
Both momorgrosvin and a - M M C acted towards tRNA while TCS showed 
very little activity (Fig 2.3 and Fig 2.14). The activity o f momorgrosvin was about 
double that of a -MMC. Since only the absorbance of the acid-soluble species was 
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measured, it was not known whether nucleotides, oligonucleotides, organic bases or a 
mixture were released from the tRNA. Therefore, unless characterization of the acid-
soluble species is performed with techniques such as anion exchange chromatography 
and thin layer chromatography (Mock et al. 1996)，it cannot be determined whether 
the RIPs acted on the tRNA as RNase, RNA N-glycosidase or in a mixed manner. Yet, 
this activity probably plays a role in inhibiting protein synthesis as it may interfere with 
the ability of tRNA to bind with amino acids and then with the ribosome. Some RIPs 
are found to require tRNA as a macromolecular cofactor to inhibit translation but 
some，including TCS, do not (Brigotti et al. 1995a). Together with the current results, 
it implies that momorgrosvin and a - M M C may also have the above-mentioned 
cofactor requirement and it is conceivable that TCS ' s inactivity towards tRNA is 
related to the fact that it does not need tRNA to inhibit protein synthesis. Whether 
TCS depends solely on its RNA N-glycosidase activity to achieve this merits further 
investigation. Momordin displayed an extraordinarily high activity which is 100 times 
stronger than that of a -MMC. According to Mock et al (Mock et al. 1996)，it is even 
10 times stronger than p-MMC. Whether momordin truely possessed this activity or 
was contaminated by RNase has to be examined. 
2.4.6. Deoxyribonucleolytic (DNase) activity 
Momorgrosvin also expressed DNase activity albeit different from that of a -
MMC (Fig 2.15). From preliminary results, which were the same as those of a -MMC, 




) or its activity (data not 
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shown). In the present study, the D N A substrate used was vector M 1 3 m p l 8 RFI D N A 
which is mainly in a double-stranded closed circular form with some in the supercoiled 
form. For a - M M C , lanes 4 and 5 in Fig 2.15，it can be seen that most o f the 
supercoiled D N A disappeared as linear D N A increased. On the other hand for 
momorgrosvin, lanes 2 and 3，while the amount o f supercoiled D N A decreased，that o f 
linear D N A did not show a corresponding increase as in the case of a - M M C . 
However , visually, the amount o f closed circular D N A did not seem to differ for both 
RIPs. This excluded the presence o f DNase contaminants. Probably momorgrosvin 
reacted at a slower rate than a - M M C . Mos t recently, bo th native and recombinant 
gelonin were found to degrade single-stranded DNA, the activity o f which can be 
modulated by zinc (Nicolas et al. 1997). This agrees with the suggestion that some 
RIPs cleave supercoiled D N A at the A+T rich regions which are partially single-
stranded due t o supercoiling (Roncuzzi et al. 1996). Whether momorgrosvin and a -
M M C act in a similar way has to be further investigated. 
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GENERAL DISCUSSION 
In the present study, a new type I ribosome-inactivating protein momorgrosvin 
wa s purified from the seeds o f Momordica grosvenori. It displayed translation-
inhibitory and R N A N-glycosidase activities，and acted towards t R N A and DNA. It is 
a glycosylated basic protein with a p i value o f about 9 and a molecular weight o f about 
27.7kDa. 
The absolute yield of momorgrosvin was low. Only 60 | ig of it was purified 
from 25g o f unshelled seeds. Such a small yield poses inconvenience for further 
characterization and for future application for which at least milligram quantities will 
be required. Wi th regard to academic purposes，native protein should be used for study 
since all o f its natural characteristics are presumably not altered such as conformation 
and glycosylation, unlike the recombinant version o f the same protein. Therefore, the 
method o f purification of momorgrosvin needed to be improved in order to obtain 
more o f it effectively. Firstly, since acetone precipitation may denature the RIP, this 
step can be replaced by anion exchange chromatography on an DEAE-cellulose 
column as used by Fong et al. (1996) to purify a - and P-momorcharins. Momogrosvin 
and other basic contaminants should be recovered in the breakthrough fraction because 
they are unlikely to be bound by the anion exchanger. Secondly, considering that the 
crude acetone extract contained relatively few bands revealed by SDS-PAGE (lane 1， 
Fig 2.2), it is plausible that momorgrosvin can be separated from other proteins by 
using a Sephadex-50 gel filtration column which has a fractionation range f rom l kDa 
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t o 30kDa although this is uncommon to employ this kind o f chromatography at an 
early stage o f a purification scheme. Thirdly, as suggested in Section 2.4.1., seeds of 
bet ter quality may be purchased from Guangxi Province instead o f using seeds in dried 
fruits as the starting materials. On the other hand，for both academic and application 
purposes, the cDNA of momorgrosvin can be cloned and expressed in E. coli. Amino 
acid sequence deduced from the cDNA clone, which may also contain some signal 
sequence, can be compared with those o f other RIPs and can shed light on the RIP ' s 
biosynthesis and evolution. The expressed recombinant RIP may be used to produce 
immunotoxin and for structure-fixnction relationship study. 
RIPs probably have a wide occurrence in plants. Among them, other than 
differences in tissue distribution and level o f expression, they also differ in physical and 
chemical properties such as number of subunit, p i and glycosylation (Barbieri et al. 
1993)，substrate specificities towards ribosome, R N A and D N A (Nicolas et al. 1997; 
Chaddock et al. 1996; Mock et al. 1996)，cofactor requirements such as 
macromolecules and ions (Brigotti et al. 1995a, b; Nicolas et al. 1997) and so on which 
make each o f them unique. Therefore, more characterization work will have to be done 
on momorgrosvin and other RIPs so that their attributes can be carefully analyzed 
before being considered for application in medicine and agriculture. Moreover，a 
collection o f this knowledge would certainly help us to reveal the native role and 
action mechanism of RIPs in plants. 
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